1 Indigenous Australians are three times as likely to suffer a major coronary event than are non-Indigenous Australians, 2 and cardiovascular disease remains the leading cause of Indigenous mortality and the main contributor to the mortality gap between Indigenous and non-Indigenous Australians. 3 Furthermore, the burden and severity of other diseases that predispose to CAD are higher among Indigenous Australians. 4 Patients with an acute coronary syndrome (ACS), as defined by electrocardiography results and biochemical markers, proceed to coron ary a n g i o g r ap hy, w h i c h i s considered the gold standard diagnostic tool for CAD; however, its use is limited due to its invasive nature, cost and accessibility. 5 In the absence of a definite ACS, less invasive, and often more accessible, exercise stress testing is used. Stress testing determines the significance of a patient's symptoms by indicating whether functional myocardial ischaemia occurs and therefore whether further investigations, including coronary angiography, are needed.
Alice Springs Hospital (ASH), in the Northern Territory, services a dispersed population of 45 000 people spread over 1 million square kilometres, of whom 44% are Indigenous Australians. 6 ASH is about 1500 kilometres from the nearest angiography facilities and relies on exercise electrocardiography testing (EET) to prioritise patients for further investigation of possible CAD. Patients with a "positive" test are typically referred for coronary angiography, and patients with a "negative" test are usually reassured and assumed to be at low risk of significant CAD. 7 Inconclusive test results typically lead to referral for stress echocardiography -the timing of which is reliant on the frequency of visiting cardiologists. Consequently, the results of EET are heavily relied upon to inform a diagnosis and management plan. In non-Indigenous populations, the usefulness of EET has been reflected in its reported high negative predictive value of 99%. [8] [9] [10] [11] We chose to retrospectively audit the performance of EET in our local population, as its diagnostic utility in a setting with a significant proportion of Indigenous Australians has not been studied. In addition, we assessed the significance of inconclusive EET results with regard to subsequent clinical outcomes, as patients with inconclusive results may be at increased risk of CAD-related events while waiting for further diagnostic testing.
Methods
We Main outcome measures: Diagnosis of coronary artery disease, based on coronary angiography and/or admission with acute coronary syndrome, in the 24 months after EET.
Results: Indigenous patients were younger, more likely to be women and were twice as likely as non-Indigenous patients to have a chronic disease. Indigenous patients and those with a chronic disease had a higher proportion of inconclusive results. Completed EET had a positive predictive value of 48.1% (95% CI, 28.7%-68.1%) and a negative predictive value of 96.5% (95% CI, 93.2%-98.5%). Similar results were seen among Indigenous and non-Indigenous patients.
Conclusions: In regional and remote Australian settings, EET remains an important tool for the diagnosis of coronary artery disease. It is useful, and is reassuring to patients and clinicians if the result is negative, particularly in a remote Indigenous Australian population with a significant burden of cardiovascular risk. Clinical outcomes were reviewed for 2 years after EET for details of subsequent coronary angiography results consistent with CAD, readmission to ASH for investigation of chest pain and readmission to ASH with a separation diagnosis of an ACS. Our assessment of the overall utility of EET was based on the risk of having a coronary angiogram suggestive of either CAD or an ACS within 24 months of testing.
Statistical analysis was undertaken using Stata12 (StataCorp). Continuous variables were compared using the Wilcoxon rank-sum test; categorical variables were compared using the  2 test. Continuous non-parametric data are presented as medians with interquartile range, and categorical variables are presented as percentages with binomial confidence intervals. Logistic regression models were created using a backwards stepwise approach, including in the first model all variables shown in univariable models to be related to test outcome, as well as variables that differed between Indigenous and non-Indigenous subjects at baseline. All statistical tests were two-sided and P less than 0.05 was taken to indicate statistical significance. Ethics approval for the study was provided by the Central Australian Human Research Ethics Committee.
Results
We reviewed the medical records and EET results of 268 patients who met our inclusion criteria. Descriptive data related to these patients are presented in Box 1. Indigenous identity was not reported for 10/268 patients (3.7%). Indigenous patients were significantly yo un ger th an no n-Ind ige no us patients and were more likely to be women. They were also twice as likely to have been diagnosed with one or more chronic diseases (OR, 2.0; 95% CI, 1.1-3.7), particularly diabetes mellitus (OR, 5.9; 95% CI, 3.3-10.7) and chronic kidney disease (OR, 12.2; 95% CI, 4.1-36.1), compared with nonIndigenous patients.
The results of EET and outcomes over the subsequent 24 months are outlined in Box 2. Indigenous patients were less likely to reach a maximum heart rate or adequate workload (> 10 METS) (OR, 10.3; 95% CI, 5.3-20.3). In turn, this translated to a higher proportion of Indigenous patients having inconclusive test results compared with non-Indigenous patients (57/108 v 32/150; P < 0.001) and a lower proportion having positive (6/ 108 v 21/150; P = 0.03) and negative (45/108 v 97/150; P < 0.001) test results (Box 2). In logistic regression modelling, the major factors independently associated with an inconclusive result were a diagnosis of one or more chronic diseases (OR, 6.0; 95% CI, 2.5-14.1) and identifying as Indigenous (OR, 3.7; 95% CI, 2.1-6.6).
Compared with patients with an inconclusive or negative EET result, patients with a positive result were more likely to proceed to coronary angiography (21/34; P < 0.001) and were significantly more likely to present to hospital with chest pain in the following 2 years (11/28; P = 0.001). Indigenous patients were less likely than non-Indigenous patients to proceed to coronary angiography (10/34 v 24/34, respectively; P = 0.114), and more likely to present with an ACS in the following 2 years (4/108 v 2/139, respectively; P = 0.25); however, neither of these differences were statistically significant. Overall, the risk of presenting with an ACS within 24 months significantly increased as the result of EET moved from negative to inconclusive to positive (OR, 4.4; 95% CI, 1.4-14.0). A similar relationship to EET results was seen for representation with chest pain within 12 months (OR, 2.0; 95% CI, 1.3-3.1) and re-presentation with chest pain within 24 months (OR, 2.0; 95% CI, 1.3-2.9).
The sensitivity, specificity and positive and negative predictive values of EET in our sample are summarised in Box 3.
Discussion
EET clearly represents a cheap, noninvasive diagnostic modality for screening patients presenting with suspected CAD. Our findings provide reassurance that, when maximal testing can be completed, EET has performance characteristics that are at least equivalent to those reported in the literature. 8 Even when inconclusive results were included, the lack of a positive EET continued to confer a low risk of a subsequent presentation with an ACS. While the presence of ◆ chronic disease was the main predictor of an inconclusive EET there was also an independently elevated risk associated with being Indigenous. This may be related to physical and social factors, including familiarity with treadmill exercise, and fitness.
A focus should be to reduce the proportion of inconclusive tests. In general, an image-based myocardial stress study, typically echocardiography with dobutamine, is performed when the EET result is inconclusive. These tests are conducted by visiting cardiologists, but waiting periods are variable and may extend to months. In the interim, a person with possible CAD may go without treatment and be at risk of a preventable adverse outcome -demonstrated in our study by the high rates of loss to follow-up and representation with an ACS. Possible solutions include enhanced orientation and education of patients before they undergo EET, and greater use of Indigenous language translators.
Our study was limited by its reliance on retrospective collection of data that were non-standardised. The information gathered was limited to data documented at the time of the EET. Similarly, follow-up of patients re-presenting with ACS or chest pain was restricted to those who presented to ASH. Nonetheless, as the only referral hospital servicing the Central Australian region, most clinically significant events in remote clinics would have been captured. This limitation could be overcome by repeating the audit prospectively.
In summary, EET is likely to remain a useful and important tool in determining the risk of CAD among patients in regional and remote Australian locations where onsite specialist cardiology services are limited. Further attention should be given to how inconclusive test results could be reduced. Positive initiatives may include greater involvement of Indigenous people in the health care workforce associated with EET, exploring patients' understanding of the concepts of CAD and exercise, and educating patients and health care providers. Greater use of myocardial stress testing modalities that do not require specialist cardiologists, such 
